
BE IT KNOWN that We, have invented certain new and useful 
improvements in 

SYSTEM FOR INCREASING PRODUCTIVITY OF OIL, GAS 
AND HYDROGEOLOGICAL WELLS 

of which the following is a complete specification: 
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CROSS-REFERENCE TO A RELATED APPLICATION 



This application is a division of patent application serial no. 
09/976,908 filed on October 13, 2001. 

BACKGROUND OF THE INVENTION 

The present invention relates to oil and gas industry. It involves 
equipment for a new abrasive hydrojet perforation which offers an effective 
means to communicate the wellbore with the target formation and to achieve 
more effective completion due to an increase of flow area, bypassing the 
damage in a near-wellbore zone and reduction of the compressive stresses. 
The invention represents a new system for treatment of a near-well zone of 
producing formation with a combination of chemical treatment. 

It is known that the flow from productive zones can be 
increased by slotting and chemical treatment. Slotting allows redistribution 
of the mechanical stresses in the near well zone, while chemical treatment 
allows increased productivity of the wells. However, the first method is very 
labor consuming and requires high costs. In order to shot three feet of the 
productive interval some time it is necessary to spend up to three hours of 
pumping unit operation, which is an expensive operation. The chemical 
action also treats the near well zone, but it requires a primary opening of the 
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formation and does not remove a zone of support pressure which is a main 
reason of locking of the passages for fluid flow into the well. T he first 
method is very efficient and increases the productivity of wells on average 
several times, however it is expensive. In order to provide maximum 
effectiveness or completely restore the potential productivity of wells, it is 
usually necessary to provide a subsequent treatment with formation-treating 
reagents. 

The method and system disclosed in SU1 167925 is a 
combined solution for the increase of productivity, which includes slotting of 
the well and cyclic acid formation treatment. The slotting is performed in 
accordance with known "classic" recommendations in order to obtain a 
maximum possible effect, while the cyclic acid treatment is performed also 
in accordance with the known method described in the above mentioned 
documents, for a depth which is not less than 5 diameters of the well, so as 
to attempt to completely use its possibilities without the consideration of the 
results of slotting or control of the results of each cycle. The cyclical 
"periodic" treatment of a well was performed by a reagent solution whose 
volume was determined from a mass and porosity of rock adjoining a shaft 
of the well, at a distance of approximately two diameters from the well. Each 
cycle of treatment is performed by pressing of a calculated volume of 
solution into the formation to be treated, which is preliminarily limited from 
above and from below by packers. The treatment in some sense is 
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performed blindly, the results were evaluated in accordance with a change 
of productivity of the well. The cycles of treatment continued until the time 
when repetition did not lead to a change in productivity. 

It has been shown from practice that this method and system 
which include a complete slotting with a subsequent complete treatment with 
technological reagents has a universal action of the formation and provides 
an increase of well productivity, an equalization of a profile of advancement 
of a front of water pumped into a formation for maintaining of the formation 
pressure, a increase of the oil yield of the formation. Because of these 
advantages this method has been widely utilized. It also has been used 
during exploration and drilling of new wells. Moreover, it was made possible 
with this method to explore and efficiently use wells in low-production 
formations of Western Siberia in which the oil flow is less than 30 bbl per 
day. This method therefore is efficient. However, this method, similarly to 
the other methods has a limitation as to its possibility and efficiency. It is 
expensive, labor consuming and does not guarantee obtaining of the 
maximum possible increase of well productivity. The method is used without 
consideration of negative action of elevated stress concentrations, which are 
formed near the wellbore. 

It is known that the maximum stresses in the near well zone are 
generated within one diameter of the well or approximately 0.6 ft., and the 
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maximum stress directly adjoins the walls of the well (Fig. 1). The plastic 
zone in this case can be not considered, since in accordance with the 
calculation its width at the depth of 10,000 ft. is only 0.03 ft.. It is also known 
that during the process of drilling of wells, even after carrying out of slot 
slotting, a zone of support pressure remains near it. The slot removes only 
a part of these stresses, which is equivalent to a reduction of depth of the 
well approximately 1.5 times. During slotting at the depth of 10,000 ft. it is 
equivalent to a reduction of stresses to the depth of 6,600 ft.. However, the 
mode and parameters of acid treatment (or treatment with other reagents, 
such as technological compositions) nowadays are determined without 
consideration of negative influence of the remaining stresses near the well. 
The zone of support pressure, which remains around the well, is not taken 
into consideration and parameters of treatment with technological 
compositions are calculated from the condition of action of a uniform supply 
of active technological solution per volume unit of a formation. 

However, experimental observations and analytical 
investigations showed that the influence of zone of support pressure near the 
well is significant. If this influence is not taken into consideration, false 
conclusions can be made with respect to the productivity of the wells. Based 
on the results of the treatment, it is considered that a low oil yield from a 
formation can be explained by a week natural permeability of the formation 
itself, while a real cause is the reduction of permeability only within limits of 
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the zone of support stresses, caused by stress concentration beyond the 
wellbore. 
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SUMMARY OF THE INVENTION 



flnonfftingly, it in All fThjP^t of fho precpnt inwpntinn tn prm/iHp 

a system-wbte h a l l o ws to l eduie l abu i um&umpliui i a i i d uj sI uf treatment of 
aJwe»rWrtt wu L d i e duu lt 3 1 rof e f fiu i e i my uf U eal i i le n t, t il l 18 of uae of w ells, and 



ga o/ o i l y i e l d uf p i uduut l/e formations. 

— to- keeprtrA with Ihooo objects and w i th othera which * will 
b e c om 0 appnr ft nt h a r al nQft a r nnp fpaturpi rrf prpqpnt im/pntinn . resides. 
bri e fly ctatod, i n a oy3tdm for i ncreasin g th e p r oduc t iv i ty of o il, gas and 
hydfo geu l uy i ua l wel l s, compr i s i ng moanc for c u tt i ng slnts nn l y i n a near well 
zone-se-as- to perfo rm a -par tia l un l oading uf U i t n/veti-a fl d t n remove a part nf 
s a ppu i I sl i esses 1 , a i id- m e ans cycl i cal l y treat in g w oll w i t h a fo r mation-treating 
s ubstanc e so a s to remove a rema i ning pott -of t h e s up p u i l stie ss es, w ittT 
confretttny a de nsity uf a fu ijii a li u ii by ireffirolling means and correcting tne 
cy c li cal tr e atment i n oorr os ppnd o noc with the -deTTsityoT tRe^brmation. 



^/Vhefrthe^ysteirrts^es^ned in accordance with the invention 
it-Bfovide s t he fo l low i ng benof ts-r 



■ThP slot ting with [he inventive system nrov iriftS.a veoiorecise. 
reliable an d controllab le_metho4i te-estatol i sh a l a i y uintlOW path between the 
ca^exLbotehol o and th e-fu i mal i gn. The i nflow a rea ot an 8-in per toot dual 
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Clttt i [OivatenrttrSe-; pf-O^fi ™ i n nh-ipnH charge hr^eft , Moreover, th e 

p re ssu r e dro p on the s l ot i s signif i cantly Icoo then nn thp arpa l pn .i iivri l fin . tg et 

of pprfoFflftH-lr^s I n H' 1 ' ■ ■ tfrexattmg p r^ ca s^is much more robus t in 

cjgatiDg-a4ew--Te sisla ii l nuw path, e^e i i witrftwD strings v\ o u o ing. 

The slotting preserves the integrity of the cement bond. This 
can be critical for zonal isolation when the perforated intervals are in close 
proximity to water or a gas cap. The integrity of the cement sheath also 
increases the casing strength and resistance to failure. 

The created slots simplify the fracture initiation and therefore 
may significantly reduce the near wellbore problems (multiple fracturing, 
tortuosity, etc). This reduces the chances of screenouts during fracture 
stimulation and minimizes the choking non-darcy effect because of the 
tortuous path during production (esp., in gas wells). 

The slot geometry (with the penetration depth up to 4-10 ft) 
bypasses the near wellbore mud invasion zone and increases the drainage 
area. This suggests that the inventive slotting in clean, high permeability 
sands is the preferred completion method. If these clean formations require 
sand control, slotting can be used in combination with high rate water packs. 
For laminated formations, slots in should result in the consistent negative 
skin completions. 

/ 1 



The cutting does not reduce the near wellbore strength of the 
formation, as does conventional shape charge perforating. Under some 
circumstances, this feature in combination with a larger created drainage 
area may allow a natural completion of formations that currently require sand 
control. 

The slots modify the stresses in near the wellbore zone 
(relaxed in zone adjacent to the slots, and increased at the tip zone). 
Formations with strong stress-dependant permeability may encounters 
significantly reduced completion skin moreover, for deep and relatively hard 
formations. Slotting may achieve compressive fracturing in the near wellbore 
region that results in a significant permeability increase at a distance of 
several slot diameters and dramatic reduction of the near well bore 
conversion pressure drop. In gas wells it will reduce (or completely eliminate) 
sometimes very large non-darcy skin. 

In order to optimize the method, the system operates so that 
the partial abrasive hydroet perforation is performed by cutting slots only in 
surrounding column, cement layer and a part of the productive zone of the 
formation. 

This method allows cutting slots in a thin productive zone and 
in the case when the productive layer is not far away from the water 



horizons. Abrasive hydrojet perforation is preformed by fluids, which includes 
water and quartz sand. This allows preserving the integrity of the cement and 
leads toward higher penetration into the formation compared to other 
systems and methods (conventional perforation, hydrofracturing). 

The system can be divided into surface and underground 
equipment. Underground equipment includes an engine with nozzles, which 
is connected to surface pumping units. For abrasive hydrojet perforation, 
hydrojet perforators are used; for single slotting the perforator is used with 
4 nozzles. Nozzles are located 180 degrees across from each other. The 
distance between nozzles is around 4". The abrasive fluid is recycled all the 
time during the process in addition underground equipment includes: 
underground engine switch and hydrojet perforator. This equipment can slot 
in one session three intervals with the approximate length of 3 ft each. After 
that perforators must be changed description of the slotting technique is 
shown on. 

Surface equipment includes pumping units, mixer blender of . 
sand/water, block manifold, filters and connectors. Pumping units for 
abrasive hydrojet perforation can be used with the following characteristic 
5,000-10,000 psi, depending on well depth and continuous working capacity 
of 6 hours. 



■ Ah i i i Aiun ffllHKu i U| l n»pnrnH in hlnnHnr Fil^or g rp { l sp r | fn fj|ter 

ftni rln nnrl irpnmt r waterfor t i n n eydmg'pruci i i i|i inrt r -in nr l rn n ho innl 
rfTthn n h i , i li I i rial Wi l li me rj I iumptfon net-te as t hgn I fH i 

nurinr, tho ohrociwo hyHr^j^t p^r^n jf j g proforahlo 

Bfetimm^iily tc rttetefmtne the pi j' \ I r bility pJLifag p r o duction 

fprmation r.f tho n^r >„ Q ||^^ rQ 70p » | ln f J fop ^ppfh n f tllO T On r Of 'jl i ppff l t 

^fr p ss fl s , and to perform Uhj bubbeque i lU i eatme i it in I I l e dependence uf I I le 
.pornsity and depth i 

In particu l ar whon tho rock hao a porosity o r OTS app i ux l n l ate ly 
1 5% and highor , tho abras i ve hydrojmt porforat i on i o pcrformGd a t the d ept h 
of M.O we ll did iii ete i b, wrtrrthe poro3 it y of le ss than app i minidle l y 10% the 
abraoivc hydrojet pe i fui al i ui i i s perfoi 1 1 l ed at the d ept h not l ess thai i fu um ell 
■di a tri ett 'i j j : 

J n the f ii sl case it g uarantcco achievi ng, uf the maximu m- 
p oscib l o effect. Moreover, du ii ng a oubooquont cycl i c troatmont w i t h 
techno l ogica l r e ag e nts i n ord er to in crease pem i edU il ity uf H i e zune uf 
sup port prooauie and a maximuiH acting stress in i t a r e UU u m i ned one Uhe 
tt eatrrrenl is p^rftyrrned r i n a part ftf th r formation \/yit r h arijning wpM^ 
i aetodtng j zone of me b ' uppu i l p i ebbu i e dfle i edU i lyi t e uf t i edli ir en tra 



chaoge-otjdepsi ty (p e rmeab ili ty) of th o format i on i n th e 7n np x tLsup_port^ 
pjSSSure-is-eoRtFeHedr 



to-order to uptim i zfe Hie upe i al i un uf the i nventiv e- o yotom r-tha 
treatment i s st o p ped^when-thettertstt y of the for i i i dt i on in the z o ne of su pport 
pf©6^feHsn : «€teGed-by--a-^ Value, which is deteimmed-in. 

accordan c e w i t h t h o fo r m ate: — 

-w h uiuin K i a a factor of e ff i c ien cy of treatment; — 
ja-is-tne-den s il y uf t he forrnatiofl-of-a-no t d is turbed form ati o n at th e de p th , 

f lU/tl 

r. is tho mnvimiim rtrnno-wHi i i ij i ll II \ti ZDTT5 Of M UpUUI t pre h SUi e Mt)d. 

i y i s the spoGif i o we i ght of rock - of the forma ti on, lb / ft \ 
£-is -a R c lao tic i t y-inuUul e s uf ru i i ii al i ir rr r ocK, Mpa. 

I t in n l f i o propp ed in a^ r> r^ ^ nr> <aj M it h t h r> pfesen fi iwe f rtieft-te - 
Aico a tco h nolog i ea l - oel ut i o n w i th an aoid-of f l ow r w hic h in te r a c t fr -w ith-a-etay 
co m po nen t fur lulmaLitiii u , puitiuii 3 and a m a tii x uf mck u f d piu U uuti v e 
fnrmaij oiywhesfe c oi i ipus i tiuir iirs^letftgd'tr ramrrtfe n r c e^ith-the°fiafare°ef 
t he - rock of th e- product i ve format i on , of . a .ne a n j wel l.zoxie — 
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h p^' " triar " , i th n ♦ nrri q nn sellectoc »f th p p r oductive 
fnrmatifu v4he-4 >Ni t ;h ii o l ocji c ,al sulul i on i s a su l ul i ui i uf Nd l IQQjd U and/or 
rtt 2 C 2 0 7 and/or (Nl l) 4 S A wftrTtrenpemtralton 4-7%, w i th add i t i ons uf u n i un- 
f wa^i w n onrfa^ actiyg su"Si t n n rcT. nr m i xt u rn nf nninn nnt i vn and no i o q gni c 
^s urfac e active oubotanies w i thin We conce ntrations U.b-2%. 

I f i n aieffigen • »■ bar; * <' «riw > «* .» eempenefri more ' 

th a n 3Q% an d i f thor n in- s nca Tbonated collector ol the prOduUivc fum i dliun , 
the4ec hno l o g ica l s olut i on- e a n be a su lutl o i l O f N II 2 GQ 4 I I w i th addition o f 
anion acti ve s u rf ac e a cti ve oubotonoo3 or a m i xt tt ro - of an i on activ e and nan . 

rt onogonio surf a ce a ct i v o subctano e s within the co n ifc i illations 02-04% d ii d 
polyphosphate wi t hi n th r ro n re nt mtin n 0,1-0 n s- rh Hi' ' I p »f Ct^eeet- 

.wi ti i cot»cen t r a tioi re ^2%-wit h adm i xtures Of aniun aaive -SHrfface-actate. 
au b &ta n c c G en " a m i xtur e of an i on act i v e- and non io n o ge ni c surfa ce - a ctive. 

^ob Gta n o o o with i n the con€eiitr-atiefK)T5H^roi po l yp i iusp 1 rates - w i l l i hi -the- 
^j^pntcationfe-Q f 0 1 . 0 ? 0 ^ nd-as-pnly phosphates. th ere are used in 

r Na s PA r af^or^^ 

Hi i diiu i Udnce w i th a further advant a g eous f ea t u r e of the 
^rresgntlrt Ve h t ion, t h e lbTrn^ttorr-t reotm o nt fluid (technolog i ca l so l uti o n) i s 
fermed-by t h e inventive system dife ct l y in a w ell with i n an i nterva l o f a 
jbji^efHo-be~ireated, torexa mp te by eirdosif>§-ef-€ftefflieaf-a^ 
^^afattorr o f a 'S O lutT or rirrto a t i d ii s p o rt paekagertf a n s pui ti i iy the package 
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-ic u i m formation to treated; and t han r rm ov i n o t he nn ckape for example 
^> Y jts d ifi ftwlutiuii w i i l ra sc- l ulion in the wall or bv supblVIn d Of a dibsoMnq 
li qui eh- 



Who trancport i ng package ca n b e fui ffled as a micro container 
or ^npf?nl Q "» ith a HiQ<tr>i\/ahif> pnrinRiirp fo rmed, for example as a water 
saliihle-polyethylefre fi l m. T rrerconTainer can Be also composea ot a binaing 
TrrateTiat , foroxamp l o ata i d i wl lic l r fe-water soluble wlthi jut Hie l eb i dueb a n d 
consequen ces: eontamers can be formed as batis 01 c y lind e r s : — 



Th us, th e-new-feato f eo- of th o s y ste m in ac oordanoo prooont 
^jovon ti o n i nc l ude a e embmatiofttneans-^^ In two stages wuh 

-a p r i mary controftod-paftiat^bfa^e4iyd^ 
gonfrotte d atidiegotaterli?yclTcal t r e at m enttaf-aT^-with-ai^^ 
age nt , r u t ti nj nf stet9 nnly in n ^ i rronnd i ng H | i mn , n eement '■"y^ - and a 
p^ilof-ine-r o ck 0 f th e co llectorimmeala'tely a djo in i ng^rte-w el l , pretimtrtary- 
de terminatioh Of poros it y of LI l e r ocks of th o product i ve format i on oR iie n e ar 
j i ifrl l 7onn onr * a Hr »p th " f a ™™ of si 'PP"* stress and corr r^ fi n n nf n fi i rthnr 
trea tment Uupe i iU i ny un H ie poiUb i ty and depth, dete r mi n at i o n of a rad i uo of 
ja ws u f bupuu i l piussum and a max i mum act in g ot i ose in i t before each - 
cycl e-of the fo rm at i on t i eatme ii l, ui ii y i ny uul uf H i e Imat i li m i t uf a ll ua i lb uf 

t he adjoining f ormati o n to tho wr I I inr l nrlin r) a rnnn r r H li v sop] r ! pfesewei 

Qc m ti ull ii i g u f j change o f dens i ty (pe r meab i lity, potomty) or I Ockb 1 mure zo n e 
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^otett ppuil p i esbuib! dfl ei eaU i treatrnent; stuppiny of t h e n yn li n nl tr o ntm p nt , 
wheadeft stty uT U i ^ fui 1 1 l al i o i rtrrtl \e zone of suppu i I p i assu r e i o reduced by- 
a pfedeterrnffled-vaiue, ^hnngo »ninmpg (raHii) nf a mass which is treated 
iru-stagesr-se tec ti on of oomp u c i l i ona o f l e U i i iul u y i ua l bu l ut i uns and the ir 
pfeparalioTrdtretrtty^^WeTl in an interval ot a treating" ruiiiidliun. Thobw 
fp aturoc prov i de . an un o xpootod restrit; w h ich i is a si gni f i cant red u ct ion, of 

jabereenwmptton and cost Of ffltf fflelhod WKnuilt a l eUmition of eff i cie ncy 
of .tre a t ment a n d l ong-lwm s t ab i l is ation Of the uUtu l i iu d niffuul u— Xbase. 
r^suits^aJ£--ulwbv^©us^d4nv^ntive^ 

-=Fhr nnvn l font ii rps whrh arp r rtn o i HnrnH rhnmrtn ri«tift4M. 
(t he pr e se nt i nvent i on arc so t f o rth in p a rt icula r i n the apppnrlprirtaimsi T he 
^inventi on i tsel f , howev er, both a s-4e-i ts construct io n and it s s y s t e m fn r. 
oipefatioxM ogether w i th add i tiona h objeds and advantages the r eof, wi ll b o- 
^besHmtter stoo d from t ho fo llo w in g de s cr ip tion nf sppo i fio pmhnrl i m p nts when , 
^-tead-ffl-e o nn e ctio n w i th the accomp anyi n g dra w i n gs. 



\ 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates o in abrasive hydrojet slotting perforation 

Figure 2 shows a surface equipment of a system in accordance 
with the present invention used for abrasive hydrojet slotting perforation 

Figure 3 shows an underground equipment in accordance with 
the present invention used for abrasive hydrojet slotting perforation; 

Figure 4 shows operation of an inventive system for increasing 
productivity of wells; 

Figure 5,6 7 are views showing a distribution of stresses in a 
near well zone before the beginning of a cyclical treatment, after a first cycle 
of treatment, and after the end of treatment correspondingly. 

In the drawings the following symbols are utilized: 

o x o y are a vertical and a horizontal stress, 

o y1 is a remaining maximum stress in a zone of support stresses 
before a beginning of a formation treatment (after a partial slot abrasive 
hydrojet perforation), 




o y2 is a remaining maximum stress in a zone of support of stresses 
after a first cycle of formation treatment, 

yH is a remaining maximum stress in a zone of support stresses after 
the end of formation treatment, 



of formation treatment (after a partial abrasive hydrojet perforation), 

r 2 is a radius of a zone of remaining support stresses after a first cycle 

of formation treatment, 

r 3 is a radius of zone of reduced support stresses around the well after 

a first cycle of formation treatment. 



r, is a radius zone of remaining support stresses before the beginning 




DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is known that a maximum stress in a near wellbore zone 
within one diameter of a well shown in Figure 1 is approximately 0.6 ft. The 
maximum stresses directly adjoin the walls of the well. In the present 
invention it is permissible not to consider a plastic zone, since in accordance 
with calculations its width on the depth of 10,000 ft is only 0.4". 

It is therefore proposed to provide a new system which allows 
to reduce and redistribute the maximum stresses without a complete cutting 
of an unloading slot. This significantly accelerates and reduces the cost of 
the method. Then it is suggested to remove by the inventive system the 
remaining part of stresses in the zone of support pressure with another 
method (formation treatment) with labor consumption which is lower than 
usual. As a result, a desired corridor for movement of useful fluids into the 
well is formed in a reliable and less labor consuming method. 

The corresponding operations performed by the inventive 
system include the following sequence. 

Before the beginning of works, porosity and density of a 
formation is evaluated by a geophysical methods. For example the porosity 
is determined by a neutron logging, while density is determined in 



accordance with a density logging. If the porosity is higher than 
approximately 1 5%, the speed of movement of a perforator is selected to be 
1.5 hours for 3 ft, instead of the conventional three hours for 3 ft. In this 
case, a surrounding pipe, cement and a main part of the area of increased 
stresses will be cut through, and directions for pumping of a formation 
treatment solution are created. The solution, in addition to a conventional 
dissolution of cementing substance of the productive formation, performs 
pressurization of rock of the productive formations and therefore increases 
support stresses. 

If porosity of rock is less than 15%, the abrasive hydrojet 
perforation is performed in accordance with the traditional method, with a 
speed of cutting of the slot about three hours for 3 ft. After this, because of 
the formation of a great draining surface a more reliable depressurization of 
rock in the zone of support pressure is performed, and a maximum reduction 
of stresses in the near well zone is obtained. 

The formation treating agent can be for example a solution of 
hydrochloric acid (for carbonate rock and for terrigen rock with a significant 
content of carbonate cement). 




Initially, the remaining stress-deformed condition of rock in the 
near well zone is evaluated, and based on it, a pattern of distribution of 
support stresses is determined as represented by a curve 1 in Figure 5. 

The stress condition is evaluated by experimental methods. In 
wells which do not have surrounding tubes, it is necessary to use 
electrometric and ultrasound methods. In wells which are provided with 
surrounding tubes, it is possible to use a system for radioactive (density and 
neutron) logging. It is also possible to use analytical methods for the 
calculation of parameters of the zone of support pressure. 

Based on the evaluation of stress condition, a zone of support 
loads and a compaction of rocks with radius r, (Figure 5) is determined and 
a volume of rocks is calculated, within limits of a cylindrical column near a 
well, which are to be subjected to a preliminary treatment 

Vr\ = n{r* - rc 2 2 )m, 

wherein m is a thickness of a formation-collector, 
rc is a radius of the well. 



In correspondence with this volume, a volume of an acid 
solution for pumping (pressing through) into a near well zone of formation is 
determined: 



V, 



pi 




wherein n is a porosity of rock of a formation-collector. 



This portion of solution is pumped into the well, pressed into a 



near well zone of formation for action on the zone of support pressure. As 
a result of this action, dissolving of both a cement of rock and the rock itself 
is performed. When the dissolved mass is withdrawn, density of rock and 
action in this zone of stresses is reduced. The evaluation of the obtained 
effect of depressurization is performed by the geophysical methods. The 
efficiency of treatment with a first cycle can be insufficient. Figure 6 shows 
that as a result of the first cycle of action, a certain effect is obtained, which 
is a reduction of maximum value of stresses to the value ov, <oy 2 . Near the 
wall of well, a ring of reduced stresses with a radius r 0 is obtained. However, 
within the interval r 2 stresses continue to act, which exceed initial stresses of 
untouched mass. 




In this case a second cycle of pumping is performed in 
accordance with the same or reduced parameters. A change of quantity of 
the pumped solution to increase the volume Vp, is necessary in the case if 
an exterior radius of a ring of compaction is increased r 2 > r v 

After the second cycle of action, again a control of efficiency is 
performed and the necessity of a subsequent treatment of the zone is 
determined. 

An ideal result of the treatment is a complete removal of a 
"splash" of support loads when in the vicinity of a well a "funnel" of stress "is 
formed, which is characterized by a pattern of monotonous increase of 
stresses and density of rocks from a wall of the well into a depth of the mass 
as shown in (Figure 7). 

The achievement of this pattern is not always necessary. Even 
a partial depressurization of rock in the zone of support pressure can provide 
a sufficient effect of increase in well productivity. Therefore, a factor of 
efficiency of treatment K is introduced, which characterizes a given critical 
level, in accordance with which it is necessary to reduce stresses acting in 
a support zone. 




The value K > 1 corresponds to a complete unloading of rocks in the zone 
of support pressure as shown in Figure 7. Values 0 < K < 1 correspond to 
a partial unloading of rocks as shown in Figure 3. In practice the coefficient 
K is determined experimentally, but as a rule it can not be equal to 1. 

Removal of a "threshold of compaction" in the zone of support 
pressure in certain conditions increases the productivity of well, not more 
than by 15%, which is summed with the effect of abrasive hydrojet 
perforation. 

As for the selection of concrete composition of technological 
solutions for this treatment, it should be mentioned that for treatment of a 
terrigen collector of productive formation, there are utilized solutions of 
NaHS0 4 x H 2 0 and/or K 2 S 2 0 7 and/or (NH) 4 S 7 0 8 with concentration 4-7% 
with additions of anion active surface active substance or a mixture of anion 
active and non ionogenic surface active substance with concentrations 0.5- 
2%. The destruction of clay colmatating regions with this technological 
solutions is performed by disturbance of coagulating contacts between clay 
aggregates of colmatating regions, dissolution of admixtures, cementing 




sand, and dealkylization of alumosilicates which form carcases of clay 
aggregates. 

When in a terrigen collector there is a carbonate fraction of 
higher than 30% and when there is a carbonate collector of the productive 
formation, then a technological solution with an acid reaction can be a 
solution of NH 2 S0 3 H with admixtures of anion active surface active 
substance and a mixture of anion active and non iongenic surface active 
substance with concentration 0.2-0.4 % and polyphosphates with 
concentration 0.1-0.2% or a solution of CH 3 COCI with concentrations 6-12% 
with admixtures of anion active surface active substance or a mixture of 
anion active and non ionogenic surface active substance with concentration 
0.5-1 % and polyphosphates with concentration 0.1-0.2%, and as 
polyphosphates Na 5 P 3 O 10 and/or Na 2 [Na 4 (P0 3 ) 6 ] are utilized. 

Sulphamine acid actively dissolves carbonate rocks. When a 
acethyle chloride is dissolved in water, a mixture of asetic and hydrochloric 
"acid is formed in condition of active temperature increase: 

CH 2 COCI+ H 2 0= CH.COOH+ HCI + Agt , 

which also provides a dissolution of carbonates in a thusly formed rock area. 




The utilization of agents of complex-forming action in the 
composition of a carrier liquid in the case of Na 5 P 3 O 10 and/or Na 2 [Na 4 (P0 3 ) 6 ] 
stabilizes the technological solutions and prevents a secondary deposition 
of calcium in the case of very low concentrations which are not sufficient for 
binding of deposited cations into soluble complexes. The stabilization effect 
of such very small admixtures is connected with adsorption processes. 
Phosphate and ions are adsorbed on seeds or growing crystals, block active 
centers and therefore prevent precipitation of salts. As a result of laboratory 
tests for dissolving of carbonate rocks with such technological solutions with 
an acid reaction, optimal values of polyphosphates in condition of 
neutralization of solutions are determined as 01-02%. 

The above mentioned technological solutions are preferably 
prepared directly in the treated formation. For example, powder chemical 
agents for preparation of solution are filled in a transporting package, the 
package is delivered into an interval of treated formation, and then the 
transporting package is removed, for example by its dissolution with a 
dissolving liquid supplied into the well. The powder mixture is made from 
components, introduced into containers (capsules or mini containers) with 
soluble enclosure, and transported to the interval of intersection of productive 
formation, preliminarily separating it from lower and upper layers with a 
packer. Then, a dissolution of container is performed, or a solvent for 
capsule casing and a solvent for agents are introduced into the productive 



layer. When the solution is ready, the inter-pipe space is cut off by packers, 
and the solution is pressed into the formation. This leads to an economy of 
reagents, their more accurate dosage, simplification of requirements for a 
material of column and a pumping mechanism, elimination of corrosion, etc. 
This increases the efficiency of treatment by more accurate composition of 
the treating fluid in the productive treated formation, reduces the 
consumption of agents, and protects equipment of action of chemical agents 
in the fluid. This approach significantly reduces the volume of required 
agents, increases the quality of treatment by more accurate correspondence 
of real working formation-treatment composition to a calculated composition, 
reduces requirement to equipment and increases its service life. 

The transporting package can be formed as a mini container, 
such as capsules with a soluble enclosure, in particular with the use of 
starch, in form of balls. The calculated quantity of balls is thrown into the 
well and then water is poured on them. Starch is dissolved in water without 
residual and without any harm. 

The operation of the system in accordance with the present 
invention is illustrated by the following examples: 

Example 1 : 




Initial conditions. A treatment of an operating well with a 
diameter 8" is performed, with a carbonate collector of 164 ft. at the depth 
6,562 ft. It is known that an elasticity module is E=3x1 O s MPa, specific weight 
of rock y= 125 lb/ft 3 . The well has an open shaft, and before treatment it is 
used with a yield 28.3 bbl/day. 

Performed operations. It has been determined by geophysical 
methods that porosity of productive formation is 10%, density of the 
formation in a zone of support pressure p=193.5 lb/ft 3 . Taking this into 
consideration, speed of cutting 0.45 hour per 1 ft. r and hour concentration 
of abrasive fluid 0.06 lb/ft 3 . The composition of abrasive is a sand with grain 
0,008-0,04" and quartz content not less than 50%. 

The ground equipment is installed which provides a pressure 
of the abrasive fluid 4,800 psi, a predetermined concentration of abrasive 
fluid, washing of well, collection of stone material, and receipt of productive 
fluid. Then a underground equipment is connected, in particular a perforator 
engine with a perforator adjusted to the predetermined cutting speed 
0.43'7minute. Then the underground equipment is lowered to the depth 
6,562 ft. and after adjustment of the equipment of the depth, a slot cutting 
with the speed 4'7minute is performed. The cutting is performed 
approximately in (0.45x164=73.8) hours. 




The abrasive hydrojet parforation is performed only in 
approximately 75 hours instead of 150 hours in a known method. After the 
partial slot treatment, the productivity of the well increased over 60 bbl/day. 



The required reduction of density of the rock in the zone of 
support pressure was calculated 



1jc2000(80jc10 6 - 2jc10 4 2x10 3 
Ap ~ 3x10" 



The volume of rock to be treated is determined 
Depth of slotting not less then four diameters equivalent to 32", open slotting 
4", then we can calculate the volume of the slot: 

V+32x4x164=132 bbl. 

Where productive layer in the formation equal 164 ft. 
as well as required volume of acid: 
132x0.1-3.2=10 bbl. 

3.2-volume without slotting 
0.1 -porosity of the collector. 




Then 10 bbl. of acid is pumped into an interval of treatment, it is pressed into 
the formation, and after the reaction the products of reaction are removed by 
draining. Then the geophysical observations were performed, and it was 
determined that the stresses in the zone of support pressure reduced to 60 
MPa, while a radius of the zone of support pressure increase to 1 .6 ft. The 
obtained reduction of permeability is determined as follows: 



P(° y x ~ ^2) 6562(80- 60) 10 6 
Ap= , Ap= —r x =0.84 



The quantity of acid for the second cycle of treatment is calculated as 
follows. 

Ap=0.84 lb/ft. 3 <1.75 lb/ft. 3 

After this, another treatment of the productive interval was 
performed. The geophysical investigations were carried out, and an 
obtained reduction of density of rock in the zone of support pressure was 
determined. A complete removal of stresses in the zone of support pressure 
made possible to increase the productivity of well even more than by 20%. 



The cost of the second stage, which is the formation treatment, 
and the common time of two cycles was only about 6 hours with an 
insignificant cost and a relatively simple equipment. 

Therefore, the total time of operation in the given concrete case 
was correspondingly 80 hour, which is approximately !4 when compared with 
the traditional methods of increasing the productivity of wells. The efficiency 
of treatment and the time of maintaining the obtained yield are at least 
identical. 

The main advantage of the proposed system is a significant 
reduction of labor consumption and the cost of the method, with maintaining 
of increased efficiency. This is achieved mainly by a system which performs 
two controlled and regulated stages, and provides optimal distribution of 
labor consumption and cost of the treatment between the two stages. 
Simultaneously, the system implements additional technological features 
which increase its efficiency, namely a new selection of agents and 
preparation of a technological solution directly in the well. 

The operation of the system takes into consideration that the 
zone of support pressure adjoining the well is the most responsible in the 
system of filtration of fluid from the formation into the well. The quantity of 
flowing fluid (gas) per unit of filtering area is increased in second power when 



it approaches to the well. The highest intensity of streams is in this zone. 
This is the reason for the maximum "dirtying" of rocks with asphalt-resin and 
other deposits which substantially reduce the productivity of the well. 

It is therefore extremely important to reduce the tendency to 
accumulation of destroyed particles of rocks and drilling solution, to eliminate 
the zone of dirtying and near well zone which is subjected to the action of 
support pressure and is the most close to the bare zone which is the zone 
of support pressure. 

The proposed invention significantly reduces labor 
consumption and costs of works for increasing productivity and 
unobjectionable movement of fluids in this zone, which explains cleaning of 
filtering passages and therefore long-term action of the obtained effect of 
treatment. 

Figure 2 shows the surface equipment of the inventive system. 
Reference numeral 1 identifies a mouth of the well with a fountain 
equipment, reference numeral 2 identifies filters for cleaning of a pulp, 
reference numeral 3 identifies a block of manifolds, 4 is a pump aggregate, 
5 is a sand mixing aggregate, and 6 is a containment. 




Figure 3 shows the underground equipment of the inventive 
system. It includes a coupling clutch 7, an underground engine 8 connected 
with pumping units and having nozzles, a hydrojet perforator 9, a valve 
control system 1 0; with recess and antirecess identified as as r' and r". 

In Figure 4 reference numeral 11, identifies a chemically 
treated part of a productive layer with worsened collector properties, while 
reference numeral 13 identifies a treated part of the productive layer with 
good collector properties. The other elements shown in Figure 1 are: a 
perforator 12, packers 14, pumping compressor pipes with an engine of the 
perforator 15, non permeable rock 16, a productive layer with good collector 
properties 17, a cut through part of the productive layer with good collector 
properties 18, a productive layer with worsened collector properties 19, a cut 
through part of the productive layer with worsened collector properties 20, a 
tall part 21 and a plug 22. 

It will be understood that each of the elements described 
above, or two or more together, may also find a useful application in other 
types of constructions differing from the types described above. 

While the invention has been illustrated and described as 
embodied in system for increasing productivity of oil, gas and 
hydrogeological wells, it is not intended to be limited to the details shown, 



since various modifications and structural changes may be made without 
departing in any way from the spirit of the present invention. 

Without further analysis, the foregoing will so fully reveal the 
gist of the present invention that others can, by applying current knowledge, 
readily adapt it for various applications without omitting features that, from 
the standpoint of prior art, fairly constitute essential characteristics of the 
generic or specific aspects of this invention. 

What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims. 




